. Fimbriae, which are very often associated with an adhesive capacity, contribute to pathogenicity in both intestinal and extraintestinal E. coli infections [3] [4] [5] .
Most fimbriae from pathogenic E. coli strains are able to agglutinate erythrocytes in a mannoseresistant manner (mannose-resistant hemagglutination, Mrh). These Mrh fimbriae can be further subdivided on the basis of their receptor specificity. The subgroups have been termed as P-, S-, M-, or X-fimbriae [6] [7] [8] [9] . P-fimbriae, found predominantly among uropathogenic E. coli strains, recognize the a-D-Gal-(1-4)-fl-Gal part of globosides [10] . P-fimbriae exhibit differences in their serological specificity (F groups F7 to F13, [11] ). S-fimbrial adhesins (Sfa), which are associated with uropathogenic strains and, to a larger extent with strains causing newborn meningitis (NBM) interact with a-sialyl-fl-(2-3)-Gal-containing receptors [12, 13] . Another type of fimbria, FIC, which is devoid of demonstrable receptor specificity, is also associated with urinary tract infections (UTI) [14, 15] . In contrast, mannose-sensitive hemagglutinating (Msh) fimbriae, which form another group of fimbriae and recognize a-mannose-containing receptors, can be detected on E. coli strains from different sources [11, 16] .
In this contribution we present the DNA se-quence and the deduced amino acid sequence of the S fimbrial protein subunit, termed SfaA.
Surprisingly, the sfaA sequence shows only poor homology to other Mrh fimbriae of the P-type, but is closely related to that of the F1C and Msh fimbriae.
MATERIALS AND METHODS

Bacterial strains
The S-fimbrial adhesin (sfa, previously termed X) was cloned from the chromosome of the uropathogenic E. coli 06 strain 536 [17] . E. coli K-12 strains JM107 and JM103 were used as hosts for the M13 bacteriophage clones.
Cloning and nucleotide sequencing
Suitable fragments of the sfa-specific recombinant plasmids pANN801-13 and pANN801-15 (see [17, 18] ) were subcloned in the M13 derivatives as described. The fragments are indicated in Fig. 1 . Nucteotide sequencing was performed by using the Sanger technique with the M13mp18/mp19 system described previously [19] .
Computer programs
The programs used for compiling the nucleotide sequence data were from J. Devereux (UWGCG).
RESULTS AND DISCUSSION
Localization of the sfaA gene coding for the S-fimbrillin
The localization of the sfaA gene coding for the [17] , was encoded by this region between map positions 7.2 and 7.8 kb. The identity between this polypeptide and the S fimbrillin was further determined on the basis of the amino-acid composition. The amino-acid composition, deduced from the nucleotide sequence, was absolutely identical to the amino-acid composition of the S-fimbrillin determined by biochemical methods (Moch et al., submitted for publication). 
Analysis of the nucleotide sequence of sfaA
The nucleotide sequence of the sfaA-containing DNA region is given in Fig. 2 . This sequence contains a single reading frame (ORF) of 540 bp, starting at an ATG codon at bp 166-168 and ending with a TAA stop codon at bp 706-708. Putative consensus promoter sequences are found at positions 20-25 (-35 box) and 41-47 (-10 box). Using the AMulacZ phage system [20] the lacZ gene was fused to the sfaA gene [18] (Schmoll et al., in preparation). The production of flgalactosidase by these sfaA-lacZ fusions and recent S1 mapping experiments (Jarchau et al., in preparation) give evidence that the predicted promoter in front of sfaA is used in vivo.
Amino-acid sequence of the SfaA protein
The start codon ATG for SfaA is preceeded by a potential ribosome binding site (-AGGA-) [21] . The N-terminal part of the 180-amino-acid-long SfaA protein has the characteristics of a prokaryotic signal peptide [22] . As shown in Figs. 3  and 4 , the N-terminal part of the SfaA protein has the same amino-acid composition as the F1C fimbrillin [23] . Therefore, the signal cleavage site is proposed to be between amino acid -1 (alanine) and amino acid + 1 (valine; for coordinates see Fig. 2 ) as determined for F1C by sequencing the N-terminal end of the mature fimbrillin [24] . The immediate N-terminal end of the signal sequence is positively charged (2 lysine residues) and is followed by a typical highly hydrophobic domain (Fig. 3) . With the exception of a few codons (e.g., those coding for phenylalanine) the codon usage for SfaA is compatible with normal genes present in E. coli (not shown; [25] ), as also reported for Pand Msh-fimbriae [26, 27] .
The molecular weight of the mature SfaA protein was determined from the deduced amino-acid sequence as 15 950d which is in good agreement with previously published data [17] . The processed SfaA protein contains 2 cysteine residues at amino acid positions +20 and +59, which may form a intramolecular disulfide bridge similar to what has been shown for other subunit proteins [24, 26] . The mature S-fimbrillin subunit further contains alanine [21] , tyrosine [18] , glycine [15] , valine [15] and serine [14] as predominant amino acids. Tryptophan and methionine do not occur in the sequence (Fig. 2) . The hydrophilicity profile, calculated according to the method of Hopp and Woods [28] shows several hydrophobic regions for the SfaA protein at amino-acid positions 32-35, 73-78, 83-103, 117-125 and 151-160 (these amino-acid positions are given for the precursor protein, as indicated in Fig. 3) . The hydrophilic maxima which should be located in or immediately adjacent to the antigenic dominant parts of the protein [28] were found around amino-acid positions 41 and 70 and, to a lesser extent, around amino acids 147 and 163.
Comparison of the sfaA gene with other fimbrial genes
The nucleotide sequence and the deduced amino acid sequence of the S fimbrial subunit were compared with the corresponding sequences of other fimbrial genes from E. coli involved in extraintestinal and intestinal infections [23, 26, 27, [29] [30] [31] [32] . No significant homology was found between the sequences of sfaA and of the genes coding for the fimbrial protein subunits of plasmid-encoded K88ab and K99 adhesins, which are associated with intestinal infections in animals (for details, see Table 1) . Surprisingly, homology between sfaA and P-fimbrial determinants (F72, papA), which both belong to the group of Mrh fimbriae, is poor on the DNA and on the protein level. As indicated in Fig. 4 , only the N-terminal and the Cterminal parts of the S-and P-fimbrillin proteins show homology, and also, the 2 cysteine residues are located at exactly the same place.
In contrast, the sequences of the Msh fimbrial subunits (FimA, PilA) and the FIC fimbrillin reveal striking homology with the SfaA sequence. These results indicate an evolutionary relationship between sfaA and these non-Mrh determinants. The extent of homology between the SfaA protein and the FIC fimbrillin is 70.9%. On the DNA level, homology is 73.3%. These results argue for a very close relatedness of both determinants. The similarity is further confirmed by the hydrophilicity profiles of the encoded proteins (Fig. 3) . Sequence alterations, however, were found in those parts of the determinants which code for hydrophilic domains of the proteins 'between the sec- a HA, hemagglutination; Msh, mannose-sensitive hemagglutination; Mrh, mannose-resistant hemagglutination; P,Pspecific hemagglutination. [23] . The amino acid residues are numbered from the N-terminal end of the signal peptide. ond cystein at position 83 and amino-acid position 143; coordinates of the precursor). These differences were already discussed on the basis of a restriction site polymorphism, observed in the corresponding nucleotide sequences [33] . It is interesting to note that these hydrophihc parts of the proteins seem to determine the antigenic characters of both fimbriae [28] . It is suggested therefore, that the observed sequence alterations may account for the incomplete antigenic identity of the two fimbriae, as demonstrated in a quantitative ELISA assay (A. Pere, unpublished data). Otherwise, it has been shown [33] that homology between the sfa and FIC determinants exists over the entire coding region, which is in contrast to what has been found for the sfa and the tim and pil determinants, respectively (Ott and Hacker, unpublished results). It will be interesting to determine more precisely the differences in those parts of the sfa and F1C determinants which code for the specific adhesive property of the S-fimbriae.
